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Contribution from the Research Laboratories,
Organics Division, Olin Mathieson Chemical Corporation
New Haven, Connecticut

) A New Series of Organoboranes. 1I. Carboranes
from the Reaction of Decaborané with Acetylenic Compounds

BY T. L. He“yiﬂgl, J. W. Aget, Jf.la, S: Ls Giafk, D. J, Maﬁgélan o
H. L. Goi&stéinlb, M. Hillmanlc. R. J. Polak; and J. W. Szymanskild.—

(1) The authors wish to acknowledge the contributions of valuable
experimental data by R. P. Alexander and J. A. Reid: Present
addresses of authors no londger with this laboratory are la,
Food Machinery and Chemical Corp.; lb, Naval Propellant
Plant; l¢, Brookhaven National Laboratory; 1d, United
Aircraft Corp.

Decaborane and certain of its derivatives réacted with
acetylenic compounds in the presence of Lewis bases to produce
members of a new class of organoboranes. The parent compound
11,12-dicarbadodecaborane (12) has the formula B),C,H), and
various C and B substituted derivatives are reported. Unlike
other higher boranes, this nucleus is quite impervious to
attack by compounds containing active hydrogen nor does it
attack reducible groups such as carbonyl or nitrile.
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Introduction

The reactions of decaborane with a variety of compounds
of Lewis base classification have been described. One type
of product from such reactions is the simple adduct? while a
sécond typé is typified by the compounds bis(diethylsulfide
aécabérané3 and bis(éhlérédiphenylphesphiné)aeeabéfané4, which
are formed with thé accompanying elimination of a molecule of
hydrogen

(2) a. A. stock and E. Pohland, Bér., 62B;, 90 (1929);

b. W. H. Hill and M. S. Johnson, Anal. Chem., 21, 1300
(1955); e. S. J. Fitch and A, W. Laubengayer, J. Am. Chem.

Soc., 18; 3546 (1956).

(3) B. M. Graybill, J. K. Ruff and M., F. Hawthorne; J. Am,
Chem. Soc. 83, 2669 (1961).

(4) H. A. Schroeder, J. R. Reiner and T. L. Heying, Inorg.
Chem. 1, 618 (1962).

of organoboranes of the general empirical formula B 'n 2 42

have been prepared by the reaction of pentaborane with acetylene’,

(6) R. E. Williams, C. D. Good and I. Shapiro, 140th A.C,S,
Meeting, Chicago, Illinois, September 1961,




consideration of these latter reactions along with the 7
preparation and structurée advanced for the anioén and 912312“2 7,8

(7) A. R, Pitochelli and M. F. Hawthorne, J. Am. Chem. Soc.,
82, 3228 (1960).

(8) J. A. Wunderlich and W. N. Lipscomb, J. Am; Chem. S0¢.;
82, 4427 (1960).

prompted interest in the reactions of decaborane and its various
derivatives with acetyleni¢ compounds.
Longuet-Higgins and RéBeftsg‘had demonstrated that the

(9) H. C. Longuet-Higgins and M. deV. Roberts, Proc. Roy.
soc. A230, 110=119, (1955).

icosahedral structure as proposed for the Blzalzéz ion requires
26 honding electrons. The decaborane nucleus itself can
contribute 24 such electrons and in the case in point, the
twenty=fifth and twenty=sixth electrons are thosé present
because of double negative charge of the anion. A neutral

B H;, species, therefore, is precluded by these considerations.
It was postulated that if decaborane could react with acetylene,
a stable entity similar to 81231;2 might form since the triple
bond of acetylene could supply those electrons necessary for an
icosahedral molecule. The icosahedral carborane structure which

should arise from such a reaction was specifically predicted by
Hoffman and Lipscemblo.

(10) R, Hoffman and W. N. Lipscomb, J. Chem. Phys., 36, 3489 (1962).
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Discugsion

The reactions o6f decaborane and suitable derivatives with
acétylenic compounds were investigated employing a variety of
écnaitiéns. The féfmaticﬁ 6f a new éntity was first @bserVéa
in refluxing benzene. Hydrogen was evolved and a material
was isolated which chemical analysis showed to have the émpirical

formula 310C2H12' This formula was corroborated by mass spectral
analysis. The moré detailed elucidation of the structure of

this new organoborané will be the subject of a later paperll

(11) Refer also to paper I of this series by H. A. Schroeder,
T. L. Heying and J. R, Reiner, Inorg. Chem.; in press.

but from this structural determination it was ascertained that
the material should be hamed ll,l2-dicarbadodecaborane-=12 since
it has a c¢closed icosahedral structure as in 812H12 -8 with the 11
and 12 boron atoms substituted for by two carbon atoms. This
name is quite cumbersome, especially in the c¢ase of highly
substituted compounds, and for brevity it is referred to as
ga:boranelz (carborane-12 where the numerical designation 1is

necessary) since the material falls into the category of

(12) 1In writing descriptive formulae, the notation g
10710
is used to deno&e the carboranyl group; thus carborane
itself is H - g G - H,
10 7 10

carboranes as described by Williams, et. gl.6.



The yields of carborané were not good in the initial
experiments; and during work toward improving them; it was
found that use o6f the isolated nitrile or amide.&éfivatives

directly with aeetylene in the presence of the nitrile or amide.
Thus, reactions 1 and 2 were essentially combined as in reaction
3.

+ 2 CH,ON —==> B,.H,, (cﬁch)2 # H, (1)

BoHi4 3

By oF 12(CH CN) H = g~? S«f H + Hy + 2 CH4CN (2)
Bloi‘l4 + HC=CH = g - g =H®*# 2 H2 (3)

“10 10

A study of reaction 3 was made by sampling at various
time intervals and analyzing theése samples mass spectrometrically.
By plotting the concentrations of decaborane, acetonitrile
(2 moles per mole of decaborane) and carborane versus time, it
was readily seen that the nitrile was not required in stoichiometric
amounts. To substantiate this, the quantity of acetonitrile
used was decreaged and it was found that reaction rate increased
equivalent of nitrile was used. Reactionvwould‘proeeed even
when only 0.1 mole equivalent of acetonitrile was used and it
was subsequently found that it was often advantageous to use
approximately 0.9 mole acetonitrile per mole of decaborane.

In the initial stages of the investigation benzene was

used as solvent but, having determined that the desired reaction
was talyzed by the presence of organic bases, it was postulated

that the same effect could be obtained by merely using a solvent
which itself is a mild Lewis bagse, This proved to be the case
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as good yields of many carboranes were obtained by reacting
decaborane with an acetylenié compound in tetrahydrofuran,
diethyl ether or diethyl sulfide. In addition, it was found
that diethyl sulfide could be used advantageously in place of
acetonitrile in the reactions initially described.

Of the solvents screened for usé for the preparation of
carboranes it was found that béenzene,; dialkyl ethers and dialkyl
sulfides were thé most useful. It was also found that the
reaction does not proceed at a reasonable rate below 70°C, and,
therefore it is necessary to usé an autoclave when employing
the low boiling solvents such as diethyl ether.

The solid products are white and crystalline while the
liquids are clear and of rather high refractive index. The
materials are quite stable at elevated temperatures and the
carborane nucleus ig inert to air, moisture and aqueous acids
and alkalis. 1In fact, several cempounds havée beéen distilled
from concentrated sulfuric¢ acid without change. This behavior
is in marked contrast to decaborane which is rather readily
hydrolyzed and oxidized.

In addition to carborane itself, many C-=alkyl and C-alkenyl
derivatives were prepared by using the appropriate, substituted
acetylene. Some symmetrical acetylenes such as 2-butyne or
3-hexyne would not react although unsymmetrical substituted

carboranes. A summary showing the carboranyl hydrocarbons
prepared by direct reaction of an acetylene with decaborane
is given in Table I,
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Table 1

Caxboranyl Hydrocarbons Made by Direct Synthesis
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Some products derived from boron substituted decaboranes
are also included.

ing points were achieved on a Fisher-Johns apparatus
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(13) R. L. Williams, I. Dunstan and N. J. Blay, J. Chem. So¢.,
1960, 5006,

(14) Ibid., 5012.

This reaction 6f déecaborané also occurred with many
functionally substituted acetylenic compounds but, compounds
such as propargyl alcohol or acetylenedicarboxylic acid
preferentially led to the deéstruction of the borane structure
rather than producing the desired carborane., Table II lists
the preparations of those substituted carboranés which were
achieved by the direct reaction of decaborane with the correspond=
ing substituted acetyleéne.

Table II

Functionally Substituted Carboranes Prepared
By Direct Synthesis

R = g . g = R'
~10 10

R R' __ vyield,% M.P.,°C

XIlI
XIV

Xv

~CH2Br H 70 30 —
=COOCH H 35 73 —
=CH,C1 =CH,C1 74 119-120 ———

=nC, Hq Br (2) 37 — 85-90/0.5
H 72 61-63 146/1,6

-CH(OOCCH,)CH, H (1) 66 ——— 85-95/0.2
ecﬂgu(cga5)g H (3) (4) 33-35 ——

XXII =COOCH, COOCH , 54 66-67 —

(1) np?ls 1.5201 (3) Hydrochloride m.p. > 300°C

(2) np*3= 1,5500 (4) > 50%, but not all was recovered




The reaction was extended to the diacetylenic¢ compound
diethyl dipropargylcarbonate, and the corresponding dicarboranyl
derivative (m.p. 199-202°C) was achieved in 55 percent yield
acécording to6 reaction 4.

2 B,

10814 * (ﬁcsc=c32)2c(cooc2as)2 == 4H;+
(4)
(H = g ® g;fcﬁi)ic(GOOGQHs)z
10 10

Reagents: Unless specified to the contrary, reagents were

used as received from Various commercéial sources. Decaborane
was from the 0lin Mathieson Chemical Corporation.

Analysis: The elemental analysis of the carboranes by standard
techniques sometimes produced results which were not quite
acceptable. Boron analyses (Parr Bomb method) were usually

1-2 percent lower than theoretical and this was found to be

due to boron carbide formation. Carbon analyses were sometimes
1-2 percent higher than theoretical but, the cause of this has
not beeh ascertained. By employing cumbersome techniques,
accurate analyses could be obtained and are herein reported

for fundamental compounds for which they were ebtginedl5. It was

e

(15) Recently a new elemental analytical procedure has been
reported which has proven very satisfactory for such
compounds; R, C. Rittner and R, Culmo, Anal. Chem. in press.

found that mass spectrometric analysis of the reaction mixtures

and products coupled with infrared analysis afforded an accurate

means of identifying the carboranes and of establishing any
impurities which were present. The method(s) of analysis in each
instance is noted,




Carborane I. In a typical reaction, a l=liter, three-necked
flask is equipped with an efficient paddle stirrer, inlet tube
reaching as near to the bottom of the flask as possible and an
adapter for installing a second gas inlet and a water-cooled
condenser. An acetyléene source is connected to a purification
train consisting 6f first a tower containing granular alumina,
next a sérubber of concentrated sulfurie acid, then a tower of
§01id sodium hydroxide and finally the line is split to be
attached in parallel to the two gas inlet tubes 6f the reaction
vessel. In the flask a solution of 200 g. decaborane in 225 ml.
di=n=propyl ether and 225 ml. diethyl sulfide is prepared. The
flask and contents are heated at 40 # 5°C for at least 12 hours
and then heated to 90 * 5°C, at which temperature acetylene is
admitted at a rapid rate for 24 hours. The mixXture is cooled
and the volatile materials are removed under réducéd pressure.
Thée solvents may be c¢ollected and re-used in succeeding preparations.
The residue is dissolved by adding individually three 250-ml.

a 3-liter, three-necked flask equipped with a magnetic stirrer,
water cooled condenser and an addition fuhnnel. Provisions for
cooling as needed are made. The mixture is stirred until the
vigorous reaction has subsided (about 10 minutes) and cooling
may be necessary. 200 ml. of concentrated hydrochloric acid
is slowly added, with cooling to control the reaction, and the
mixture allowed to stir for 30 minutes. Next, 100 ml. of
acetoné is added. A very vigorous reaction occurs initially
but subsides after about 20 ml. has been added. The resulting
mixture is allowed to stir overnight.

The mixture is poured into approximately 16 liters of
water (80-85°C) and after 30 minutes the yellow precipitate
which has accumulated on the surface is removed and allowed
to drain. The wet solid is next dissolved in 800 ml. methanol
and a solution of 40 g. of sodium hydroxide, dissolved in a




ali-‘

minimum améunt of water, is added with vigorous stirring. This
solution is quickly poured into 3 liters of c¢old water, and
the resulting precipitate is removed by filtration, washed
with ¢old water and allowed to air=dry for 24 hours.

The product is ground to a powder and mixed with an equal
amount of anhydrous ecalcium chloride and plaged in a large
soxhlet thimble for extraction with a liter 6f pentane for 24
hours. The purée white product erystallizes in the péntane
extract. When the extraction is complete; the pentaneé may be
decanted and used in Succeeding preparations or evaporated to
compleéetely recover the product:. By this procedure 153-180 g.
of pure white é¢arborane (65-77 percent yield) is obtained.

Anal.: Calc'd. for Bloc2H12: %B, 75.0; G, 16.7; H; 8.3

Found: %B, 74.9; C, 16.9; H, 8.4, 8.1

Through many experiments it has been found that carborane
¢an be obtained in highest yield and purity suitable for any
synthesis purpose by utilizing the method described. Smaller
guantities may be purified by vacuum sublimation after the
treatment with hydrochloric acid in methanol and acetone.
Other less cumbérsome modés of purification have resulted in
poorer recovery and the product contained impurities which
interfered with some subsequent reactions.

Methylecarborane II. A solution of 2.0 g. decaborane (0.016 mole)

in 30 ml. of tetrahydrofuran was sealed in a 250-ml. autoclave.
Without stirring, the autoclave was filled to 50 psig. with

methylacetylene. Stirring was begun and the mixture was heated
at 125°C for 5 hours. After cooling, the resulting solution
was analyzed mass spectrometrically to show that it contained
0.7 percent unreacted decaborane and 4.4 percent of methyl-
carborane. The solvent was removed under reduced pressure and
the residue (2.2 g.) was sublimed to give a product containing

12 percent decaborane and 88 percent methylcarborane. This
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material was dissolved in pentane and the solution was treated
with trimethylamine to precipitateé the decaborane as its adduct
which was removed. Evaporation of theé pentané are pure methyl-
carborane as evidenced by its mass and infrared spectra.
Vinylcarborane III. In a typical experiment a 5-liteér, 3-necked
flask is equipped with a 500 ml., graduated, dropping funnel,

a nitrogen inlet tube and a straight bore, water condenser

topped by a dry ice condenser which is ventéd through a Nujols=
filled trap. Agitation is achieved via a magnetic stirrer and
the reactor is warmed by use of a suitablé heating mantle.
Decaborane (454 g.) ethyl sulfide (360 ml. or 0.9 mole/mole
decaborane) and toluene (2700 ml.) are mixed thoroughly in the
reactor and allowed to stand overnight under nitrogen. This
mixture is then heated with stirring t6 (80-90°C) for one hour
and the temperature is adjusted to 85°C whereupon 450 ml. of a
cold solution of vinylacetylene in xylene (1:1 by weight) is
added dropwise., The addition usually requires 1.5-2 hours to
maintain the reaction temperature between 90 and 100°C. After
the addition is complete, reflux is maintained for 1.5-2 hours
and the mixture is allowed to cool and stand overnight. The
apparatus is then arranged so that the bulk of the solvent may
be evaporated with the aid of a water aspirator and this is
continuéd until the volume becomes léss than one liter. The
solvents may be recovered and re-used. The remainder is trans-
ferred to a l-liter flask fitted with a Claisen head to which

is attached a series of detachable glass bulbs in which the
product condenges and is collected. The mixture is distilled

at 0,5-1.0 mm. of mercury until the flask temperature reaches
135-140°C. Vinylcarborane distills at 75-80°C at 0.5 mm. mercury.
Yields of 65-70 percent of theoretical are obtained. The product
as recovered is suitable for many synthesis purposes but, can

be further purified as follows. The solid is dissolved in
methanol and distilled water is added until, with gentle warming,
solution is maintained. The solution is then cooled to 0°C and
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the precipitated product is removed:. If the filtrate is
treated with additional water and the coo6ling repeated,
essentially quantitative recovery of the product is achieved.
Vinylcarborane treated in this mahner melts at 78=79°C.

A, A solution of 10 g. decaborane, 60 ml. ether; 4 ml.
diethyl sulfide and 6.5 g. isopropenylacetylene was allowed
to react in an autoclave at 95°C for 17 hours. The maximum
pressure developed was 255 psig. After removal, the ether was
distilled off and the residue was distilled at 100°C/1.0 mnm.
The distillate (11.5 g., 68 percent) crystallized and melted at
35=40°C and was found by mass spectrometric¢ analysis to contain

98.5 mole percent isopropenylcarborane and 1.5 mole percent

unreacted decaborane. Recrystallization of a small portion
gave a white waxy solid melting at 45°C.

B. A solution of 10 g. decaborane, 60 ml. di=n=butyl
ether and 4 ml. diethyl sulfide was allowed to stand overnight.
It was next héated to boiling and 10 g. isopropenyl acetylene
was added as fast as possible, but without causing excessive
loss through its vaporization. After the addition is complete,
it was allowed to reflux for one hour and ¢ooled to room temper-
ature, after which trimethylamine was passed through until no
more precipitate formed. The mixture was ﬁilte:ed and the iso-
propenylcarborane was isolated as in method A, Yields of about
70 percent were achieved by this procedure.

Alkylcarboranes. Table I lists n-butylcarborane (VI),
n=propylcarborane (V), n-hexylcarborane (IX) and 1, 3-dicarboranyl-
propane (X). The following general procedure illustrates the
method of preparation.

Decaborane, acetonitrile (0,9 moles/mole decaborane),
and the acetylenic hydrocarbon (10 percent molar excess) are
dissolved in benzene and refluxed until hydrogen evolution



mass spectrometrically. When the reactioéon is complete, the
volatile materials are removed undéer reduced pressuré. The
resulting residue is dissolved in benzene and treated with
trimethylamine until RO more precipitate forms:. The mixture
is filtered, and the solvent and the c¢arborane isolated by
vacuum distillation (V, VI) or by crystallization from pentane
{VII, XIV).

_{ -Methylbutylecarborane (VII). A solution of 3 g. 5=methyl=1=
hexyne and 5 g. bis(acetonitrile)decaborane in 50 ml. benzene

was refluxed for 5 hours. The mixture was filteéered and the
filtrate treated with trimethylamine. The resulting mixture

was also filtered, and the solvent was removed. Recrystallization
are 23 percent J -methylbutylcarborane as identified by its

mass spectrum.

(Viii). Three grams of phenylacetyléne and 5 g.

henylcarborane
bis(acetonitrile)decaborane in 50 ml. benzene was réfluxed for
two hours. After cooling and filtering, the filtrate was treated
with trimethylamine and the resulting mixture was also filtered.
On evaporation of the filtrate and recrystallization of the
residue from pentane, phenylcarborane was obtained in 27 percent
yield.

% B, 48.7; C’ 44 .4; H, 709

B-gthylcarborane (X1). The preparation of B-ethylcarborane
frem monoethyldecaborane containing two isomers was conducted
in at least twenty different manners. 1In all cases the product
varied only in the ratio of the isomeric B-ethylcarboranes
obtained. This could be ascertained through infrared and mass
spectrometric analysis and was reflected in slight differences
in refractive index. 1In general, di-n-butylether was found to
be the best solvent for this reaction and di-n-propyl sulfide,
di-n=butyl sulfide and n-butyl methyl sulfide were the desired




-15=

Lewis bases. With these materials, yields ranged from 70-83
percent., A typical experiment giving 77 percent yield is
deseribed.

A solution of 100 g. of ethyldecaborane in 84.4 ¢g. n=butyl
methylsulfide in 114,7 g. di=n=butyl ether is placed in a 1l=liter,
3=necked flask equipped with a high speed; turbine=drive stirrer
(5000 r.p.m.), water=cooled condenser and sintéred glass, gas
delivery tube reaching to near bottom 6f the flask. An oil
bath is provided. The stirred mixturée is slowly heated to 110°C
and acetyleneé, purified as in theé preparation of I, is admitted
at a rate of 90 ¢¢./minute for 8 hours., Initially, the reaction
foams vigorously but after 2-=3 hours subsides as the color
changes from light yellow to burnt orange.

The mixtu¥e i8 cooled and the volatile matérials are removed
under reducéd pressure. The residue is transféerred to a 250=ml.
flask, and, using a modified Claisén=type stillhead having a cold=
under reduced pressure. Distillation is allowed to proceed
until the overhead temperature has risen from 70°C/0.3 mm. to

110°¢/2.5 mm. The distillation is stopped to avoid decomposition
of the sulfur=containing residue. The pot temperature is not
allowed to go above 150°C. Redistillation gives 89.1 g. product
distilling at 70°C/0.3 mm, (i.e. n ?> 1.5375) while the bath
temperature is maintained below 170°C,
By infrared and mass spectral analysis the product is
identified as a mixture of two isomers of B-ethylcarborane,

chndt %B’ 6207’ 62.8

Separation of the two isomers is partially achieved by careful
fractionation. '
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bromomethylcarborane (XII). A solution of 10 y. (0.082 mole)
ot decaborane, 4 ml, (0,037 mole) of ethyl sulfide and 40 ml.
of di-n-propyl ether was refluxed for one=half hour. The mixture

was cooled to 70°C and 10 g. (0.083 mole) of propargyl bromide

was added slowly. Hydrogen was evolved and the temperature rose

to 85°C. The addition took about one hour. The mixture was

then refluxed for 3 hours and allowed to stand overnight. The

éther was removed under redueed pressure, and the product distilled
at 80+85°C/0:6 mm. The yield was 13.9 g. (69.5 percent) of a

clear ligquid which readily solidified on standing. Reécrystallization
from pentané ave a white c¢rystalline product which was identified
by its mass spectrum.

Methyl Carboranecarboxylate (XIII
(0.02 mole) bis(acetonitrile)decaborane and an equimolar quantity

.. FPour and one=tenth grams

of methylpropiolate were refluxed in 50 ml., of benzene for four
hours, After filtering; the solvent was removed from the

filtrate and the resulting semi=solid was transferred to a Soxhlet
apparatus and extracted with pentane. A white solid is recovered
from the extract and after récrystallization from pentané=ether
melted at 73°C. Methyl carboranecarboxylate identified through
its mass and infrared spectra was recovered in 35 percent yield.

bis=Chloromethylcarborane (XIV). Ten grams decaborane, 1ll. g.
1,4=-dichlorobutyne=2, 3 ml. diethyl sulfide and 40 ml., ethyl

ether were placed in a 250 ml. autoclave and heated at 90°C for

8 hours, The maximum pressure was 320 psig. After cooling, the
contents of the autoclave were removed, and the ether was evaporated.
The residue was dissolved in pentane, filtered and the filtrate
cooled in a dry-ice bath. The precipitated ecrystals were removed
and recrystallized from pentane giving 14.5 g. (74 percent) of
bis-chloromethylcarborane which was identified by its mass and
infrared spectra.




xymethylcarborane (XV). Two grams (0.0164 mole) of decaborané
was dissolved in 15 ml. of benzene, and to it was added an equi=
molar quantity of acetonitrile and 2.1 g. (0.021 mole) of
propargyl acetate, The mixture was refluxed for 48 hours; gas
evolution was vigorous at first, but later subsided. The reselta

any excess decaborane, The solution was concéntrated and the
residue was distilled at 82-84°C/0.2 mm. giving 2.9 g. (83 percent)
of a liquia wﬁieﬁ éryétaliizea té a white s olid on staﬁdiﬁqa The

!=n=p 4 (XVI). A solution of 14,7 g. l=bromo-

l-pentyne, 11 0 g. decaberane, 35 fl., 1l,4=dioxané and 7 ml, diethyl
sulfide was heated at 70-80°C for 1 hour in a 200-ml., round=bottom

flask and then refluxed for two hours. When no more hydrogen was

evolved, the dioxane was removed under reduced pressure. The
residue was distilled in vacuo, collecting the fraction which
distilled at 99-100°C/1.0 mm, CAUTION: Toward the end of this
distillation the temperature will begin to rise noticeably.

Remove the heat at this point or the residue will suddenly

decompose causing rupture of the apparatus and consequent fire! The
product was redistilled giving 25,0 g, (66 percent) of clear

liquid which solidified on standing. It was identified by its

mass spectrum,

-BY , carboran . This was prepared in 37
percent yield by the method given previously for XVI. The
product was a liquid distilling at 85-90°C/0.5 mm. The same
precautions are advised in purifying this as were stated for the
preparation of the n-propyl homolog.




=Aceto hyléa .. A solution of 4.0 g. (0,0327
mole) of deecaborane, 4 5 g (0 0402 mole) 3-butny-l-yl acetate
and 1.5 g. (0.037 mole) acetonitrile in 30 ml. benzene was
refluxed for 103 hours. The solvent was removed and 5.17 g.

(71.7 percent) of liquid which solidifies to a white solid
distilled at 108-118°C/0.3 mm., Mass spectrometric and infrared
analysis showed it to be essentially pure B=acetoxyethylcarborane.,

Found: %C, 32.1, 31.7; H, 7.9, 8.4

X rethyle . A solution of 4.0 g. (0.0327
mole) of decaborane, 4 5 g. (0 0402 mole) of 3=butyn=2~yl
acetate and 1.5 g. (0.0366 mole) of acetonitrile in 30 ml.,
benzene was refluxed for 95 hours. The benzene was removed and
the residue was distilled at 85=95°C/0,15<0.2 mm. to recover
4.75 g. (65.7 percent) of a slightly yellow liquid nﬁg;_ 1.5291,
Mass spectrometric and infrared examination indicated it to be
essentially pure A =acetoxyethylcarborane.

Anal.: cCalc'd. for:

10 6318 2 %G, 31.2; H) 7.88
Found: %c: 33907 H: 7.81

3 ) : A solution of 6.1 g.
decaborane and 5 5 g. B N-diethylamino-z—propyne in 50 ml.

benzene was refluxed for 7.5 hours. After cooling, the mixture
was filtered and the filtrate was extracted with dilute hydro-
chloric acid. The acid was neutralized and the amine which is
released was recovered in ether. Isolation and recrystallization
from pentane gives a waxy, white solid.

% B, 47,15; C, 36.64; H, 10,1; N, 6.11
% B, 45.8; C, 37.1; H, 9.8; N, 6.4




0is (Acetoxyimethylcarborane). A mixture of 5 g. (0.041
mole) of decaborane, 8 g. (0 047 mole) of butyndiyl-l,4-diacetate
and 2 ml., (0.0186 mole) diethylsulfide in 40 ml. of diethyl

ether was placed in a 250 ml. autoclave and heated at 110°C for
4,5 hours. The mixture was cooled and the ether removed.

The residue was dissolved in about 200 ml. of pentane, filtered
and the filtrate was ¢ooled in a dry-ice-acetoné bath. The
cooled solution was filtered to recover 10.5 g. of material which
melted neay room temperature. Several recrystallizations from
pentane gave a white solid (m.p. 43544°é) 1aent1f1ed by mass

bis(acetonitrile)decaborane, 15 g. dimethyl acetylenedicarboxylate
and 50 ml, toluene was refluxed for 22 hours. The toluene was
removed under reduced pressure and the residue was treated with
pentane to extract the product. Reécrystallization from pentane
gave 12.5 g. (53.6%) of dimethyl carboranedicarboxylate. Mass
spectral and infrared examination established the identity of

the product.
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